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ULTRAVIOLET ABSORBER CONTAINING A
BENZOTRIAZOLE COMPOUND

This application 1s a division of application Ser. No.
08/591,791, filed Jan. 25, 1996, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultraviolet absorber,
and particularly to an ultraviolet absorber which 1s useful as
a treating agent to 1mprove the color fastness to light of
materials made of polyester fibers, and other synthetic fibers,
which undergo changes in color when exposed to light.

2. Description of the Related Art

Car seats, car mats, seat belts and the like, which require
high durability and high color fastness to light and consist of
materials made of polyester fibers and other synthetic fibers,
are commonly treated with an ultraviolet absorber added to
a dyeing bath or a printing paste.

Japanese Unexamined Patent Publications No. 60-59185
and No. 2-41468, for example, disclose fiber materials
impregnated with 2-(2'-hydroxy-3'-t-butyl-5'-methylphenyl)
-5-chlorobenzotriazole but, upon heating to 160°-190° C. in
the post-dyeing thermal treatment (finish setting) step, sub-
limation occurs from the surface of the fibers, creating the
problems of contamination of the finish setting machine and

lower color fastness to light. As alternatives, Japanese
Unexamined Patent Publication No. 4-91274 discloses 2-[ 2'-

hydroxy-3'-(3",4",5",6"-tetraphthalimidomethyl)-5'-
methylphenyl] benzotriazole and 2,2'-dihydroxy-4,4'-
dimethoxybenzophenone, indicating that they are
sublimation-resistant ultraviolet absorbers. The problems of
the former, however, include the fact that it 1s inferior to
conventional products 1n terms of its effect of preventing
color changes due to light, and 1t undergoes whitening and
yellowing by photodecomposition of the compound 1itself
upon prolonged exposure to xenon light sources which are
said to have a wavelength near that of sunlight. On the other
hand, the problems of the latter compound include the fact
that the deep yellow color of the compound 1tself leads to
changes 1n color when used to treat light colors.

In addition, Japanese Unexamined Patent Publication No.
6-192972 discloses 1,4-bis-(4-benzoyl-3-oxyphenoxy)
butane, and recently 2-(2'-hydroxy-4'-methoxyphenyl)-4,6-
diphenyl-s-triazine has become known, both of which have
excellent resistance to sublimation, and are useful for
improving the color fastness to light of dyed polyester-based
fibers with high-temperature treatment; nevertheless, these
compounds do not adsorb well onto materials made of
cation-dyeable polyester-based fibers, which have been used
In recent years 1n car seats and the like, and thus do not
exhibit an effect of improving the color fastness to light of
such fibers.

In addition, although Japanese Unexamined Patent Pub-
lication No. 49-61069 discloses an epoxy-addition reaction
to 2-(2',4'-dihydroxyphenyl)benzotriazoles, it contains no
concrete description regarding the properties or performance
of compounds according to the present imnvention.

SUMMARY OF THE INVENTION

In light of the prior art described above, it 1s an object of
the present invention to provide an ultraviolet absorber
which undergoes minimal sublimation, has excellent ther-
mal resistance, provides satisfactory light fastness for mate-
rials made of polyester-based synthetic fibers, particularly
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cation-dyeable polyester-based fibers, and which 1s also
inexpensive, generates few by-products and 1s easy to pro-
duce industrially.

In order to achieve this object, the present invention
provides an ultraviolet absorber comprising as an effective
component a benzotriazole compound represented by the
following general formula (I)

N OH (I)
= Nz \
/N =z ‘
P \ -~
Cl
N X OCHg(le—R
OH

wherein R represents hydrogen, methyl, ethyl or phenyl.

The present inventors have completed the present mnven-
tion on the basis of the finding that improved color fastness
to light may be 1mparted to a fiber material by adsorbing at
least one type of the general compound 1ndicated above onto
the fiber material 1n an amount usually of 0.01-10%, and
preferably 0.1-5%, with respect to the fiber weight, and that
these compounds, having excellent resistance to
sublimation, do not result in contamination of finish setting
machines or lower light fastness even after the thermal
treatment process, and furthermore that they adsorb well
onto cation-dyeable polyester-based fiber materials and are
thus very useful as ultraviolet absorbers for the treatment of

fibers.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Fiber materials which may be effectively treated with the
ultraviolet absorber of the invention include fabrics and
knits made of polyester-based synthetic fibers or composite
materials comprising both polyester-based synthetic fibers
and cotton, rayon, wool, nylon, acetate or other fibers, as
well as carpets, car scats, car mats, seat belts and the like
made of the corresponding raised fabrics. Any of a variety
of methods mncluding continuous treatment by padding with
an aqueous dispersant, adsorption by immersion, printing,
treatment with a solvent, etc. may be used to apply the
above-mentioned ultraviolet absorber to the fiber material,
and 1t 1s not necessarily limited to these methods. These
treatments may be carried out either before or after the steps
of dyeing or printing, or they may be carried out in the same
treatment bath. Treatment 1n an aqueous system requires
uniform dispersion in the water, which may be easily accom-
plished by a publicly known method such as fine crushing
with a bead mill using an appropriate amount of an anionic
surfactant and/or a nonionic surfactant.

The compound represented by the above-mentioned gen-
eral formula (I) may be produced by an addition reaction of
2-(2',4'-dihydroxyphenyl)-5-chlorobenzotriazole repre-
sented by the following formula (II)

. OH
>N —}\‘

X on

with an epoxy compound represented by the following
general formula (I11)

(In

\

/

Cl N




J,803,929

O (II1)
i ‘_\ R
wherein R represents the same species as stated previously,
the compound being ethylene oxide, propylene oxide, buty-
lene oxide or styrene oxide.

Here, the epoxy compound represented by the general
formula (IIT) is preferably used in an amount of 1.0 to 5.0
cequivalents, and especially 1.0 to 2.0 equivalents, to one
equivalent of the 2-(2',4'-dihydroxyphenyl)-5-
chlorobenzotriazole represented by formula (II). If it is
present 1n a lower amount, a large amount of the starting
material remains after the reaction, while 1f 1t 1s present 1n

foo great an amount, 1t 1s added at 2 equivalents or more,
making it impossible to obtain the desired ultraviolet absorb-

ing property.

Commonly employed, publicly known processes may be
used for the reaction, 1.€. a pressure reaction with or without
a solvent, using an alkali metal, alkaline earth metal, orga-
nometallic compound, Lewis acid, amine, quaternary
ammonium salt, etc. as the catalyst. A solution process
wherein the reaction 1s conducted 1n a solvent 1s especially
suitable from the standpoint of ease of scaling-up, high
reaction efficiency and minimal by-products. Solvents which
may be used include aromatic hydrocarbon solvents such as
benzene, toluene, xylene and mesitylene, alcoholic solvents
such as methanol, ethanol, n-propanol, i1sopropanol,
n-butanol, 1sobutanol, t-butanol, n-hexanol and
cyclohexanol, and water/alcohol mixture solvents such as
water/methanol, water/ethanol, water/n-propanol and water/
1sopropanol. Catalysts which may be used include sodium
hydroxide, potassium hydroxide, calcium hydroxide,
sodium acetate, calcium acetate, sodium methoxide, sodium
cthoxide, t-butoxypotassium, methylithium, butylithium,
triphenylphosphine, boron trifluoride, zinc chloride, alumi-
num chloride, triethylamine, pyridine, tetramethylammo-
nium chloride, benzyltrimethylammonium chloride, etc., of
which tetramethylammonium chloride 1s particularly suit-
able.

The reaction temperature is preferably between 50° C.
and 150° C., and more suitably between 90° C. and 120° C.

The ultraviolet absorber of the present invention 1s syn-
thesized by an addition reaction of an epoxide to 2-(2',4'-
dihydroxyphenyl)-5-chlorobenzotriazole which is easily
obtainable, and since the desired product 1s obtained 1n a
roughly quantitative manner, industrial production thereof is
possible. Furthermore, since the molecule contains an alco-
holic hydroxyl group, it has excellent resistance to sublima-
fion and stability at high temperatures. Its adsorbence 1is
particularly high when 1t 1s crushed finely and impregnated
into the polyester fibers, which then exhibit the same char-
acter as cation-dyeable polyester fibers, and thus the result
1s a very satisfactory improvement in the color fastness to
light.

The ultraviolet absorber of the present invention may also
contain a mixture of 2 or more compounds represented by
the general formula (I). If necessary, it may also be used in
combination with a conventional publicly known ultraviolet
absorber, antioxidant, photostabilizer, or the like.

The present mmvention will now be explained in detail by
way of the following examples.

The melting points given 1n these examples were deter-
mined based on the endothermic peaks obtained using a
differential scanning calorimeter (hereunder abbreviated to
DSC) manufactured by Shimazu Seisakusho. The nuclear
magnetic resonance (hereunder abbreviated to NMR) spec-
tra were measured using an FI-NMR R-1900 manufactured
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by Hitachi Seisakusho. The infrared absorption (hereunder
abbreviated to IR) spectra were measured using a Perkin-
Elmer 1650 manufactured by Perkin-Elmer. The thermal
welght loss ratios were measured using a DTG-50 simulta-
ncous differential thermal/thermogravimetric apparatus
manufactured by Shimazu Seisakusho.

The compound represented by formula (I) may usually be
obtained by diazotizing an o-nitroaniline by a common
method, coupling 1t with resorcin by a common method to
make an azo compound, reducing this to obtain 2-(2',4'-
dihydroxyphenyl)-5-chlorobenzotriazole, and then adding
an e¢poxy compound thereto by an addition reaction. A
production process for this compound 1s described 1n detail
below.

EXAMPLE 1

Into a 1000 ml autoclave were charged 400 g of 1sopropyl
alcohol, 100 g of 2-(2',4'-dihydroxyphenyl)-5-
chlorobenzotriazole, 0.5 g of tetramethylammonium chlo-
ride and 83 ¢ of 1,2-butylene oxide, and the temperature was
raised to 90° C. over a period of an hour. After 4 hours of
reaction at this temperature, the system was cooled to 60° C.,
the excess butylene oxide was removed under reduced
pressure, and upon cooling a crude product precipitated.
This was recrystallized 1n methanol to obtain the desired
2-]2'-hydroxy-4'-(2"-hydroxy) butoxyphenyl]-5-
chlorobenzotriazole 1n an amount of 110 g. This represented
an 86% yield. The melting point of the product was 121° C.,

and "H-NMR and IR both confirmed the identity of the
desired compound.

EXAMPLE 2

Into a 1000 ml autoclave were charged 400 g of 1sopropyl
alcohol, 100 g of 2-(2',4'-dihydroxyphenyl)-5-
chlorobenzotriazole, 0.5 g of tetramethylammonium chlo-
ride and 138 g of styrene oxide, and the temperature was
raised to 110° C. over a period of an hour. After 6 hours of
reaction at this temperature, the system was cooled to 60° C.,
the excess styrene oxide was removed under reduced
pressure, and upon cooling a crude product precipitated.
This was recrystallized in 1sopropanol to obtain the desired
2-{2'-hydroxy, 4'-(2"-hydroxy-2"-phenylethoxy)phenyl]-5-
chlorobenzotriazole 1n an amount of 124 g¢. This represented
an 85% yield. The melting point of the product was 137° C.,

and "H-NMR and IR both confirmed the identity of the
desired compound.

EXAMPLE 3

The same procedure as in Example 1 was followed using,
ethylene oxide as the epoxy compound, to obtain 2-[2'-
hydroxy, 4'-(2"-hydroxy)ethoxyphenyl]-5-
chlorobenzotriazole at a 90% yield. The melting point of the
compound was 147° C.

EXAMPLE 4

The same procedure as in Example 1 was followed using
propylene oxide as the epoxy compound, to obtain 2-[2'-
hydroxy, 4'-(2"-hydroxy)propoxyphenyl]-5-
chlorobenzotriazole at an 80% yield. The melting point of
the compound was 147° C.

Comparative Example 1

The same procedure as in Example 1 was followed using
2-(2',4'-dihydroxyphenyl)-benzotriazole, and ethylene oxide
as the epoxy compound, to obtain 2-[2'-hydroxy, 4'-(2"-
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hydroxy)ethoxyphenyl]-benzotriazole at an 89% yield. The
melting point of the compound was 160° C.

Comparative Example 2

The same procedure as 1n Example 1 was followed using,
2-(2',4'-dihydroxyphenyl)-benzotriazole, and propylene
oxide as the epoxy compound, to obtain 2-2'-hydroxy,
4'-(2"-hydroxy)propoxyphenyl]-benzotriazole at a 75%
yield. The melting point of the compound was 130° C.

The results of thermogravimetric analysis of the com-
pounds of Examples 1-4 and Comparative Examples 1-2
are shown 1n Table 1. The analysis was performed by raising
the temperature by 5° C./min 1in air, holding the temperature
at 210° C. for 30 minutes, and measuring the weight loss
(%). The same measurement was made under the same
conditions for the compounds of Comparative Examples 3—5
(commercially available products) shown below. The corre-
sponding results are also shown in Table 1.

Comparative Example 3

OH
N

N

\
/

A\

N
NN
CHj;

Comparative Example 4

N
)\ t-Bu
N — ‘-f"’

OH
=
AN
\‘;

\

/4
~_

Cl

Comparative Example 5

OMe
TABLE 1

Melting Weight

Color shade point ("C.) loss (%)
Example 1 light yellow 121 1.8
Example 2 white 137 0.9
Example 3 white 147 2.2
Example 4 light yellow 147 1.9
Comp. Example 1 white 160 4.6
Comp. Example 2 light yellow 130 6.2
Comp. Example 3 light yellow 128 30.4
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TABLE 1-continued

Melting Weight

Color shade point (°C.) loss (%)
Comp. Example 4  light yellow 141 14.3
Comp. Example 5  yellow 205 2.3

All of the compounds of Examples 14 had low thermal
welght loss, and excellent sublimation resistance and ther-
mal resistance.

Application Examples

Preparation of aqueous dispersion

Mixtures of 150 g each of the compounds of Examples
14 and Comparative Examples 1-5 with 100 g of Lipotol
B-12 (anionic surfactant, product of Nikka Chemical Co.,
Ltd.) and 250 g of water were treated for 4 hours with a sand
orinder manufactured by Igarashi Kikai Seizo, KK., to
obtain fine aqueous dispersions with an average particle size
of 0.40 um. The particle sizes were measured with a SALD-
1100 particle size distribution measuring apparatus manu-

factured by Shimazu Seisakusho, KK.
Performance Test 1

Each of the aqueous dispersions obtained above were
evaluated as to their performance when used to treat fiber
materials.

a) Test fabrics

A car seat raised polyester fabric (weight: 650 g/m*) (test
fabric 1) and a regular polyester/cation-dyeable polyester
(50/50) crossknit fabric (test fabric 2) were treated according
to the method described below, and then used for a color
fastness to a light test and an adsorption test.

b) Treatment method

A Minicolor dyeing machine manufactured by Techsam

Giken (KK.) was used under the conditions listed below for
30 minutes of treatment at 130° C. and 30 minutes of
reduction cleaning at 80° C. followed by drying to obtain a
orey dyed fabric. This was then subjected to dry heat
treatment for 2 minutes at 160° C. using a pin tenter
manufactured by Ueno Santekko, KK.

Treatment bath composition
Sumitomo Chemical disperse dye Red-GF 0.6% o.w.1.
Sumitomo Chemical disperse dye Yellow-GF 0.8% o.w.I.

Sumitomo Chemical disperse dye Blue-GF 1.6% o.w.1.

Nikka Sunsalt SD-07 (Nikka Chemical disperse level
dyeing agent) 0.5 g/l

90% acetic acid 0.5 g/l

Fine particle aqueous dispersion 2.0% o.w.1.

Liquor ratio 1:20

Reduction cleaning bath composition Sunmol RC-1
(Nikka Chemical soaping agent) 2.0 g/l

¢) Method of evaluation

(1) Color fastness to light

Method A

A high-temperature fade-o-meter (product of Suga
Shikenki, KK.) was used for 400 hours of irradiation at 83°

C. (1 cm polyurethane backing). The degree of color change
was then judged as a series based on a color change grey
scale (JIS-L-0804) (with a larger series indicating better
color fastness to light).

Method B p A xenon fade-o-meter (product of Suga
Shikenki, KK.) was operated for 50 cycles, one cycle
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consisting of 4.8 hours of irradiation at 89° C. followed by
1 hour of darkness at 38° C. (cumulative irradiance: 105,000
KJ/m®, 1 cm polyurethane backing). The degree of color
change was then judged as a series based on a color change
grey scale (JIS-L-0804) (with a larger series indicating
better color fastness to light).

The results are listed 1in Tables 2 and 3.

TABLE 2
Color fastness
to light
(test fabric 1)
Method  Method
A B
No fine particle aqueous dispersion added 2 2
Fine particle aqueous dispersion: Example 1 3-4 3-4
Fine particle aqueous dispersion: Example 2 3-4 3—4
Fine particle aqueous dispersion: Example 3 4 4
Fine particle aqueous dispersion: Example 4 3-4 3—4
Fine particle aqueous dispersion: Comp. Example 1 3 3
Fine particle aqueous dispersion: Comp. Example 2 3 2-3
Fine particle aqueous dispersion: Comp. Example 3 3 3
Fine particle aqueous dispersion: Comp. Example 4 3-4 3-4
Fine particle aqueous dispersion: Comp. Example 5 3-4 3
TABLE 3
Color fastness to light
(test fabric 2)
Method A Method B
Cation Cation
Regular dyeable Regular dyeable
portion  portion  portion  portion
No fine particle aqueous 2 2 2 2
dispersion added
Fine particle aqueous 3-4 3—4 3-4 3-4
dispersion: Example 1
Fine particle aqueous 3-4 3-4 3-4 3-4

dispersion: Example 2
Fine particle aqueous 4 4 4 4
dispersion: Example 3

Fine particle aqueous 3-4 3-4 3-4 3—4
dispersion: Example 4

Fine particle aqueous 3 3 3 3
dispersion: Comp. Example 1

Fine particle aqueous 3 2-3 3 3
dispersion: Comp. Example 2

Fine particle aqueous 3 3 3 3
dispersion: Comp. Example 3

Fine particle aqueous 3—4 3—4 3-4 3
dispersion: Comp. Example 4

Fine particle aqueous 3-4 3 3-4 3

dispersion: Comp. Example 5

From these results i1t 1s clear that the compounds of
Examples 1-4 according to the present mvention exhibit
superior performance 1n terms of color fastness to light.

(2) Evaluation of adsorption

Each of the treated fabrics was subjected to Soxhlet
extraction (3 hours in chloroform) and the amount of the
compound adsorbed into the fabric was measured. The
adsorption was calculated according to the following
equation, based on comparison with the amount of the
compound 1n a dyeing solution prepared 1n the same manner
prior to dyeing.

Adsorption=(amount of compound extracted/amount of
compound in treatment solution)x100
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The results are given 1n Table 4.

Test Test
fabric 1  fabric 2

No fine particle aqueous dispersion added — —
Fine particle aqueous dispersion: Example 1 93.8 93.2
Fine particle aqueous dispersion: Example 2 93.9 93.5
Fine particle aqueous dispersion: Example 3 93.7 93.1
Fine particle aqueous dispersion: Example 4 93.3 93.0
Fine particle aqueous dispersion: Comp Example 1 92.8 92.6
Fine particle aqueous dispersion: Comp Example 2 92.3 91.5
Fine particle aqueous dispersion: Comp Example 3 89.6 89.0
Fine particle aqueous dispersion: Comp. Example 4 87.0 88.5
Fine particle aqueous dispersion: Comp. Example 5 91.2 76.8

TABLE 4

Adsorption (%)

(3) Evaluation of dry heat sublimation

Each of the treated fabrics was subjected to Soxhlet
extraction (3 hours in chloroform) before and after dry
heating, and calculation was made of the residue rate of the

compound after dry heating and the amount of compound
adsorbed onto the fibers after thermal treatment as the final

adsorption.
Residue rate=(amount adsorbed after dry heating/amount

adsorbed before dry heating)x100
The results are given 1n Table 5.

TABLE 5

Residue rate after
dry heating (%)

Test Test
fabric 1  fabric 2

No fine particle aqueous dispersion added — —
Fine particle aqueous dispersion: Example 1 96.8 96.5
Fine particle aqueous dispersion: Example 2 97.9 97.8
Fine particle aqueous dispersion: Example 3 96.7 97.1
Fine particle aqueous dispersion: Example 4 96.3 96.0
Fine particle aqueous dispersion: Comp. Example 1 94.8 95.1
Fine particle aqueous dispersion: Comp. Example 2 95.3 94.8
Fine particle aqueous dispersion: Comp. Example 3 56.8 55.2
Fine particle aqueous dispersion: Comp. Example 4 72.8 71.2
Fine particle aqueous dispersion: Comp. Example 5 96.2 95.4

As mentioned above, the ultraviolet absorber of the
present invention 1s capable of imparting excellent color
fastness to light and resistance to sublimation when applied

to dyed fiber materials, and particularly dyed polyester fiber
materials.

What 1s claimed are:

1. A method of improving a light fastness to ultraviolet
light of a synthetic fiber material comprising applying a
benzotriazole compound represented by the following gen-
eral formula (I)

oH
N
== N\
>N e
N |
Cl \ ~ N \
OCHg(le— R
oH

wherein R represents hydrogen, methyl, ethyl or phenyl,
to the synthetic fiber material by post-treatment.
2. The method according to claim 1, wherein R 1s hydro-
gen.
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3. The method according to claim 1, wherein the synthetic
fiber material 1s a cation-dyable polyester fiber-material.

4. The method according to claim 1, wherein the synthetic
fiber material 1s a polyester fiber material.

5. The method according to claim 4, wherein the synthetic
fiber material 1s a cation-dyable polyester fiber-material.

6. The method according to claim 1, wherein the synthetic
fiber material 1s a composite material comprising a polyester
fiber material and a fiber material selected from the group
consisting of cotton, rayon, wool, nylon, acetate and com-
binations thereof.

7. A method of post-treating a synthetic fiber material for
improved light fastness by absorbing ultraviolet light com-
prising adsorbing onto the synthetic fiber a benzotriazole
compound represented by the following general formula (I)

OH
"\
-
N —Z

</ \

Cl N
X OCHg(le—R
OH

wherein R represents hydrogen, methyl, ethyl or phenyl,

in an amount of 0.01% to 10% by weight of the
synthetic fiber.

8. The method of claim 7, wherein the amount of benzo-

triazole compound adsorbed onto the synthetic fiber 1s 0.1%

to 5% by weight of the synthetic fiber.

9. The method of claim 7, wheremn R 1s hydrogen.

10. The method according to claim 7, wherein the syn-
thetic fiber material 1s a cation-dyable polyester fiber-
material.

11. The method of claim 7, wherein the synthetic fiber
material 1s a polyester fiber material.

12. The method of claim 7, wherein the synthetic fiber
material 1s a composite material comprising a polyester fiber
material and a fiber material selected from the group con-
sisting of cotton, rayon, wool, nylon, acetate and combina-
fions thereof.
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13. A method for improving the light fastness of a
synthetic fiber material comprising applying at least two
benzotriazole compounds represented by the following gen-

eral formula (I)

OH
N
= N\
>N =
N |
Cl A N X
OCHg(le—R
OH

wherein R represents hydrogen, methyl, ethyl or phenyl,

to the synthetic fiber material by post treatment.

14. The method of claim 13, wherein R 1s hydrogen.

15. The method of claim 13, wherein the synthetic fiber
material 1s a polyester fiber material.

16. The method according to claim 13, wherein the
synthetic fiber material 1s a cation-dyable polyester fiber-
material.

17. The method of claim 13, wherein the synthetic fiber
material 1s a composite material comprising a polyester fiber
material and a fiber material selected from the group con-
sisting of cotton, rayon, wool, nylon, acetate and combina-
tions thereof.

18. The method of claim 13, wherein the benzotriazole
compounds are adsorbed onto the synthetic fiber.

19. The method of claim 18 wherein the benzotriazole
compounds adsorbed are 1n the amount of 0.01% to 10% by
weight of the synthetic fiber.

20. The method of claim 19, wherein the amount of

benzotriazole compounds 1s from 0.1% to 5% by weight of
the synthetic fiber.
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